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SuJf Instructional Package No. 10 
Form A - List of Objectives 



ALKKNES - REACTIONS II 
FREE IIADICAL ADDITIONS AND SUBSTITUTION, 

hy'drogenation, polymerization and OXYDATION 

definitions' - 

The student will be able to define, explain and illustrate with 
appropriate examples the following terms: RESONANCE, HYPERCONJUGATION, 
DELOCALIZATION OF ELECTRONS, ANTI MARKOVNIKOV'S RULE, PEROXIDE EFFECT, 
POLYMER, POLYMERIZATION, HETEROGENEOUS CATALYSIS, HOMOGENEOUS CATALYSIS, 
CHEMISORPTION, HEAT OF HYDROXYLATION, DIOL, GLYCOL. 

REACTION MECHANISMS - 

The student will be able to write the step by step mechanism and 
explain different aspects of: free radical addition reactions, free 
radical substitution reaction, free radical polymerisation reactions, 
carbonium ion or cation polymerization. 

REACTIONS - 

The student vill be able to write the balanced reactions for hydro- 
genation, ozono lysis, hydroxylation and halogen substitution in alkenes. 

The student will be able to predict the major products in the 
peroxide catalyzed reaction of an alkene with carbon tetrahalide, halo- 
form or other halo derivatives of methane. Given the reactants and the 
products, the student will be able to identify the necessary reagents. 

The student will be able to write the reactions for the mild and 
vigorous oxidation reactions of alkenes with various reagents. 

The student will be able to predict the products in different poly- 
merization reactions. 

The student will be nble to identify the original akene from the 
given products of a vigc ci oxidation. 

REACTION SYNTHESIS - ' 

The student will be able to write all the steps in a laboratory synthesis 
of a diol or different halo derivatives starting with methane. (This re- 
quires utilization of the knowledge acquired in the previous units) 

The student will be able to identify all the compounds in a given 
multi-step synthetic scheme. (This also requires utilization of the 
knowledge acquired in the previous units) 
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Si.'lC Instructional Package No. 10 
Form B - Self [^valuation Exorcise 



ALKMNKS - REACTIONS II 

Identify tlie statements below as true or false by placing a capital T 
or F in the space provided. 



1. The function of the catalyst in the hydrogenation reaction is to 

lower the energy of the activation. 

2. Heat of hydrogenation is the heat used when one mole of an alkene 

is hydrogenated . 

3. Chemsorption is adsorption that involves chemical bonding. 

4. Catalysts used in the hydrogenation reaction interact with hydrogen 

and consequently hydrogen is activated. 

5. In the anti Markovnikov addition hydrogen adds to the doubly bonded 

carbon with less hydrogens. 

6. Branching at the double bond decreases the stability of alkenes. 

7. The most reactive hydrogen in an alkene is the vinylic hydrogen. 

8. Free radical addition of HBr complies with the Markovnikov' s rale. 

9. High heat of hydrogenation indicates low stability of an alkene. 

10. Hyperconjugation is the delocalization of electrons involving G' 

bond orbitals. 



Blacken out the correct answer or answers in each question : 

11. From the given heats of hydrogenation for alkene A and B select the 
correc t statements below: 

Alkene A ; Heat of hydrogenation is 36 kcol/mole 
Alkene B : Heat of hydrogenation is 38 kcol/mole 

a) Alkene A is more stable than Alkene B 

b) Alkene B is more stable than Alkene A 

c) Alkene A possesses more energy than Alkene B 

d) Alkene B possesses more energy than Alkene A 
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sr.p No. 10 

Form H - Self Kvahiation HxercLso 

12. In the froe radical poly.iiorizatlon of propylene* the first aCtacktng 
alkyl Kpoeles Is: 

a) R-(:il2-CIl2-Cli2' 

b) R-CIl^-CH2-CH2'*" 

c) R-Cli-r:il2* 

CII3 

(1) R-Clh-CH* 

CH3 

13. The great stability of the alkyl free radical is due to: 

a) the delocalization of the electrons over three /I orbitals. 

b) the resonance stabilization energy. 

c) overlap of the ^ orbitals of f.he double bond with theTT' orbital 
having tlie unpaired electron. 

d) the hyperconjuga tion. 

14. The major product in the reaction of 2-butene with CBrCl« in presence 
of peroxide is: 

a) 1, 1,3-tr icholoro-l-bromo-2-methyl butane 

b) l,l,l-tricholoro-3-bromo-2-methyl butane 

c) l,l,l-tricholro-3-bromo pentane 

d) 1, l,3-tricholoro-3-bromo pentane 

15. The major compound produced in a reaction of 2-"methyl-2-bu tene with 
bromoform in presence of peroxide is: 

a) l,l,l-tribromo-2,3-dimethyl butane 

b) l,l,l-tribromo-3-methyl pentane 

c) l,l,l~tribromo~2,2--dimethyl butane 

d) l,l,l-tribromo--A-methyl pentane 

16. When 5~raethyl-2~hexene is allowed to react with bromine in limited 
amount and at high temperature the major production is: 

a) 2 ,3-dibromc~i-methyl hexane 

b) l-bcomo-5-me thyl~2~hexene 

c) 3-bromo-5-me thy l-2~hexene 

d) 5~bromo-5~methyl-2-hexene 
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SIV Nu. 10 

Form H - Soil' Mvaluatlon HxercLse 

17. Thu function o(. NliS in tho free radical brominnClon of alkenc Is: 

a) to catalyse tho reaction. 

b) to provide a constant and low concentration of bromine during 
the reaction. 

c) to initiate the reaction. 

d) to provide high concentration of bromine in the reaction. 

18. The reagent required to convert 2-me thyl-l-butene into carbon 
dioxide and methyl ethyl ketone CH^ 



CH3-CH2 



a) O3 i H2O, Zn 

b) KMnO^^, ao 

c) pcroxyformic acid 

d) hot KMnO^ 

19. Alkene that yields compounds I and II, ozonolysis is: 

Clk-CH-CHo -C CHo-CHo-C^O 

I II 

a ) 2 , 7-dime thyl~4-hep tene 

b) 3, 6-dimethyl~3~hep tene 

c) 3, 5-dimethyl~3~heptene 

d) 2, 7-dime thy l-3~hep tene 

20. The reaction of 2-methyl--2-butene with peroxyformic acid followed by 
hydrolysis results in the formation of: 

a) P»3 . sP 
CH -C=0 and CH^ CH 

b) 2-methyl-2,3--butane diol 

CH3 

c) CH^-C=0 and CH2COOH 

-H3 7 
un 1 

6 



d) CO^ and CH^CHO 



Sri' No. 10 - l-'umi H - Self ICvuUuition Hxerciau 

21. ALkone thatyiuLds corapotiiuls I and 11, upon vigorous oxidation with 
mnOf^ Ih: 

Cll., c:iL 
I J I 3 

Cll -Cll-COOll CII.3-CH2-CII-COOH 

I II 

a) 2-methyl-2-hextine 

b) 2, 5-dlme(:hyl-3-heptene 

c) 2, 6-diinetliyl-3-hep tene 

d) 2, 5-dimethyl-3-heptene 

22. The reagents that can be used to convert butane into 3, A-dimethyl- 
3,4-haxanf^ diol are: 

a) Na, KOH, KMnO^ ^ H^O 

b) Br^.hv; Na; Br2,hv; KOH; KMnO^; ac^ 

c) Br^ihv ; Li ; CuBr; 2-broinobutane; Br2,hv; KOH; peroxyf ormic acid, H^O 

d) Br2,hv ; Na ; KOH ; peroxyf ormi c acid, water 

23. Identify the compound A in the multi-step synthesis scheme below 

Br2,hv Li CuBr n-propylBromide Br2,hv KOH CHCI3, ROOR 
propane ^ ^ ► ^ > > ~ — >A 

a) l,l,l-tricholoro-2,2-dimethyl pentane 

b) 1,1, l-tricholo-2-ethyl-pentane 

c) 1,1, l-trichloro-3-methyl-2-ethyl-butane 

d) 1,1, l-tricholoro-2, 2 ,3-trimethyl-butane 
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Si'lf Instruct Lonal Packa^i' No. 1,0 



AI.KliNliS - RHACnONS II 



The Rot'erence (luldo should be used in conjunction with Form B or 
the ^k^lf Evaluation Kxerclse. The rut'erences give the Correlation 
between tlie questions In Form B and the available material in the text- 
book and In the form of tapes. 



Questions 1, 2, 6, 9, 11 
Questions 5, 8 
Question 7 
Question 10 
Question 12 
Question 13 
Questions 14, 15, 23 
Questions 16, 17 
Questions 18,19,20,21,22 



Chapter 6, Sections 3, A 

Chapter 6, Sections 7, 17 

Chapter 6, Section 22 

Chapter 6, Section 28 

Chapter 6, Section 19 

Chapter 6, Sections 23, 24, 25, 26, 27 

Chapter 6, Section 18 

Chapter 6, Section 21,22 

Chapter, 6, Sections 20, 29 



For Questions: 5,7,8,10,13,14,15,16,17,23, additional explanations, 
examples and study questions can be found in Tape 1 - with the accom- 
panying worksheet and answer sheet. 

F\m: Questions: 1,2,3,4,6,9,11,12,18,19,20,21,22 additional explanations, 
examples and study questions can be found in Tape 2 - with the accom- 
panying worksheet and answer sheet. 
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Self Instructional Package No. 10 
Tape I - Work Sheot 



What ham in getting knowledge 
even from a aotj a potj a fool^ 
a mitten or an old olippar? 

Habelaia ( 1532 ) 



ALKENES - REACTIONS 
Free Radical Addition and Substitution; Resonance; Hyperconjugatian 

tn 
a 

u Example No> 1 - Free Radical Mechanism for the A nti-Markovnlkov Addition 
^ of HBr to Alkene 

to 
a 

Ij St:ep 1 - Formation of the initial free radical (hemolytic cleavage of 

,3 the 0-0 bond in peroxides ) 

u 

•H 

5 . hv 



c 



RO'"J';OR > RO or FR 



6 

Step 2 - Foraation of the bromine atom or bromine radical 



g* FR* + H'-J'.Br; > FRH + :Br' 

CO ^ 

00 Step 3 - Formation of the alkyl free radical (addition of Br to the 

alkene ) 

m * Br 

§• ^ClLlc^ + Br > -C-C- 

u 

c *: 

m Step 4 - Reaction of the alkyl F.R> with HBr (abstration of H atom 
6 from HBr ) 



Br J Br^ 

-i-C* *+ H.*-'Br > -i-CiH + Br*-' 



to I I ' II 

(U 



Steps 3, 4, 3, 4, 3, 4 



c 

g Step 5 

•H 
g 

^ -c-c* + c-c- > ~c-c»»c-c- 

C II II I 1 I I 

g Step 6 

-C-C* 4- Br > -C~C:Br 

I » II 
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SIP N(^ 10 

T.iju' I - Work SIhu^i 



m : OK ► KO* or VlV 

Slijj) 1^ - Ko r mat ion of t he B rqmine Kad Lea 1 



Vr 



11 : Hr > TRll 



Br 



Addition of Br* to Lho Alkune and the Formation of Alkyl Free 
lUulicaf 



-c-c •-•(:- 




Br 

> I : 

-c-c-c- 

Y V. 'Radical 
More stable 



I 

-C- , 



^3^ 'Radical 
More stable 



c-c-c • 

I • I 



lir 

* 1° F. Radical 
Step A - Reaction of the Alkyl Free Radical with UBr 




t Br 



Br 



I 

-C-Br 



. C-Br 
t I I 



_(>C-C:-+ "H'^Br-> -C-C-C- + Br* -C-C-C + H'v^Br -C-C-C- + Br* 



I r > 



• 



Overall Reactions; 



Peroxide, hv 



OC-C + HBr 



c-c-c 

I 

Br 



1-bromo propane 



C 

OC-C 



Peroxide, hv 



C 
I 



C-C-C-Br 



l-bromo-2-methyl propane 



Anti-Markovnikov Addition: H from HBr adds to the C of the double bond that 

has LESS hydrogens. 
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'MV No, 10 

T<nu? I - Work .SIuhK 



Urliv i\w Htup by Htup mucluuUnm lor iIk! p^ruKiclt^ cataly;HUl addition o( 



Assignment No. 2 

Draw the atnicturcs and name the products In the following reactions: 



3,3-Dlmethyl-l-butene , "^^^ 



lIBr 

2-metliyl-2-butene — — > 



HBr, Peroxide 
2-methy 1-2-butene ^ 



Peroxide 

3-methyi-l-pentene + HBr ^ 



3-methyl-l-pentenc + HBr 
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SIP No. 10 

Tape I - Work Sheet 



Assignment: No* 3 

Confused Clyde was asked to write the 
step by step mechanism for the addition 
of HBr to 3-methyl-l-pentene in presence 
of peroxic^'** His answer is given below. 
Examine his answer and rectify his state 
of confusion. 



Step 1 



RO*-;-.OR 

Step 2 



RO or FR 



FR* + H'-I'jBr — > FRH -f Br* 
Step 3 

C y C 

C~C~C-C*-i'c4*+ Br C-C-i-C-C-Br 

Step 3a ..... 

C 1,2 Hydride Shift C 
C-C~C-C~C~Br ^ C-C-C-C-C-Br 

Step 4 

C . C 
C-C~C-C~C~Br + R';'''Br > C-C-d-C-C^Br 



Overall Reaction: 



peroxide 



C=C-C~C~C 



HBr 



C 

C-C~C~C~C-Br 
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SIP No. 10 

Tape I - Work Sheet 



Assignment No. 4 

Saturated Sam was asked to write the 
step by step mechanism for the perox- 
ide catalyzed addition of HBr to 
3-methyl-2-pentene.' Examine his an- 
swer and make any necessary correc- 
tions . 



Step 1 

ROOR 
Step 2 



hv 




-> RO' or Fr* 



Fr" 

Step 3 



+ H'v:Br 



FRH 



+ Br 



Br 
Step 4 



H- c~c=i-c-c 



c-c— c-c-c 

Br + 



c~c^i-c-c 

6r + 



HBr 



-> C-C— 
I 

Br 



Overall Reaction: 



c 

c-c^i-c 



Assignment No. 5 



C 
I 



peroxide 

HBr > C-C-C-C-C 

ir 



Forgetful Frieda was given the same 
question as that asked of Saturated 
Sam. Her answer is given below. 
Are there any corrections necessary? 
If so, write them below. 



Step 1 

ROOR 



hv 



RO- 



or FR 
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SIP No. 10 

Tape I - Work Sheet 



Assignment No* 5 (continued) 
Step 2 

Fr * -f H..;-ir; > FRBr + H* 

Step 3 

C 

9 I 
c-c'--rc~c-c + h' — c-c-c-c-c 
-v. • • 

■ r 



H 



Step 4 



c c 

C~C~C~C~C -f HiBr: > C-C-i-C-C 

r.. Br 



Overall Reaction ; 

(j) peroxide C 
C-C=C~C~C -f HBr > C-C-C-C-C 



Assignment No. 6 



I 

Br 



a) Calculate the values for the two chain propagation steps of the free 
radical addition of hydrogen fluoride, hydrogen chloride, hydrogen bro- 
mide and hydrogen iodide to propene, 

b) Suggest a possible reason why the peroxide effect is observed for HBr but 
not for the other hydrogen halide. 
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SIP No. 10 

Tape I - Work Sheet 



Example No. 3 - Free Radical Addition of CCL^ to Propene 

Step 1 - Homolytic Cleavage of the 0-0 Bond in Peroxides 
hv 

RO"---.OR > RO' or FR * 

Step 2 ^ 

Cl^. . ?1 
C1"C-'*C1 + ^FR* > FRCl + Cl-C * 

CI ' • • • • • CI 

Step 3 - Formation of the Alkyl F.R. - Addition of the Trichloro Radical 
From Step 2 to the Alkene 

c-cifV''' + •CCI3 > c-c-c 

Cci^ 

Step 4 - Reaction of the Alkyl Free Radical with CCI4 

Cl 

• ci : 

C~c~C + ClV'C-Cl > C-C-C + *CCl3 

CClo ' CCl, 



3 



Steps 3, 4, 3,4,3,4,.... 



Overall Reaction: 



111 . peroxide ^ ^ , Cl 

-C=C-C~ + CCl, > -c-C-C-C-Cl 

^Cl^Cl 



1,1,1, 3- tr ichlorobutane 
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SIP No. 10 

Tape I Work Sheet 



Assignment No> 7 

When CBrCl^ is added to isobutene in presence of peroxide, 1,1,1-trichloro- 
3"bromo-3-methyl butane is formed as the major product. Propose a mechanism 
for the reaction. 



Assignment No, 8 

Propose a mechanism for the peroxide catalyzed reaction of 2-methyl-i^1bhtene 
with tribromo methane in which l.ljl-tribromo-S-methyl pentane is formed. 
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Tape I - Work Sheet 



Assignment No. 9 

Draw the structure and name the products in the following reactions: 

peroxide 

3-methyl-?.-pentene -f CHCi3 

peroxide 

2,3,5~trimethyl-3-hexene + CBr^ ^ 

peroxide 

2, 5"dimethyl~3-hexene + CHBr3 



Assignment No> 10 

Propose a mechanism for the peroxide catalyzed reaction of 1-butene with 
carbouLetrachloride that will account for the formation of both the major 
product or 1 , 1, 1, 3- tetrachloropentane and l,l,l,5-tetrachloro~3-ethyl-- 
heptane. 
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SIP No. 10 

Tape I - Work Sheet 



Example No, 4 - Free Radical Mechanism for the Halogen Substitution in 
Alkenes 

Step 1 - Homolytic Cleavage of the Halogen Molecule 
or hv 



Step 2 - Abstraction of the H* by X' and the Formation of the Alkyl Free 
Radical 

III. 3 , III 

-C=C"C'>H + X > -C=C-C* (Allyl or Ally lie F. Radical) 



I I I III 

(potential addition) -C-C-C- -C-C~C- + X 



Step 3 



\ t I ^'^ """\ V I t , 

-C=C~C* -f XIX > -C=C-C-X + X 



Steps 2, 3, 2, 3, 2, 3, 

Addition of X ^ (Ionic) is favored, by: low temperature, absence of light, 
high concentration of halogen, liquid phase 

Substitution of X 2 - (Free Radical) is favored by: high temperature, 
presence of light, low concentration of halogen, gaseous phase. 



Low concentration of bromine is often supplied by the NBS, 



N-Bromosuccinimide ^ Succinimide 

(NBS ) i 9 
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Example No. 5 



BQjmd Dissociation Energies (A-B 



A' + B') 



H2C = CH -H 



H3C -CH2-H 



=: CH-CH2-H 



104 kcal/mole 

98 kcal/mole 
88 kcal/mole 



(CH3)3C-H 91 kcal/mole 



Ease of abstraction of hydrogen atoms : 

Allylic > 3^ > 2*^ > 1** > Vinylic 



C=C~C 
H 



C=C 
H 



Allylic Hydrogen Vinylic Hydrogen 

Ease of formation of free radicals : 

Allylic > 3*^ > 2*^ > 1** > Vinylic 
Stability of free radicals : 

Allylic > 3^ > 2*^ > 1** > Vinylic 
Assignment No. 11 

Inert Irma was asked to draw the structure and 
name the major product in the reactions below. 
Examine her answer and make any necessary cor- 
rections . 

heat 

5~methyl-2-hexene + CI2 ^ 5-chloro-5--methyl - 2 - hexene 




NBS 



2~methyl-3-hexene + Br^ ^ 3,4-dibromo-3-hexene 



Br2,CCl4 

2~hexene l,l,l--trichloro-'3-bromo-2-mftthyl 

hexane 



20 
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Tape I - Work Sheet 



Assignment No> 11 ( c ont i nue d ) 

Br 2 9 hv 

2-methyl propene > l,2-dibroiiio-2-inethyl propane 



Example No> 6 - Resonance as applied to allyi radical 



CH^— CH— CH2 ^ ^ CH2— CH— CH^ Sajne structure, same arrangement of atoms in space, 
£ ^11 ^^"t different arrangement of electrons. 

Allyl free radical is the resonance hybrid of structures I and II 




Double Single 
Bond Bond 



Both bonds have identical 
length - hybrid bonds 



C=C DOUBLE BOND < HYBRID BOND IN ALKYL RADICAL < C — C SINGLE BOND 



Example No. 7 - Orbital picture of the allyl radical 



H H H 
I \ \ 

2 p 2 
sp sp^ sp^ 



Hybridization 



or f iL C = C ^\ 

H 



^ =120- 



CH2== CH — CH^ <S- 



-> CH2=CH— CHg equivalent to -C—"(?—"C-' 



H 




equivalent to 



p Atomic Orbitals 
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Tape I - Work Sheet 



Assignment No. 11 (continued) 



THE OVERLAP OF THREE P ORBITALS occupied by three electrons 

E = 98 kcal/raole 
CH3-CH2-CH2~Ii > CH^-CH^-CH^* + H* 



E = 88 kcal/mole ^ r 

CH2 = CH~CH2-H • CH2 = CH-CH* + H 



Assignment No. 12 0 

/ 

Sodium Fomate might be represented as: H~C , 

^0- Na"^ 

Actual measurement shows that both carbon-oxygen bonds have equal length 
1.27 A (carbon-oxygen single bond is 1.36 A; carbon-oxygen double bond 
is 1.23 A) . 

a) What is the better representation of the structure above? 

b) How can you explain the equal length of L.ie two carbon-oxygen bonds? 

c) Draw the orbital picture of the anion (HCOO"") above. 
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Example No. 8 - Hyper conjugation 

Resonance structures of ethyl free radical - 

IV I II III 

H H H H -H , H ^9 

H-C-C • H* C=C H~C = C H-i = C 

t T II II I 

H H H H H H -H H 



Hyperconjugation structiores 

Resonance structures of ispropyl free radical - 

H ^ H ^ ^ 'H H y y 

H-C-C-C-H H* C=C"C-H H-C=C-C-H H-C=C-C-H 

III 111 111 II 

HHH HHH HHH •HHH 

VII I V III 



H H 
H-C-C=C 
A H H 



H 

H-C-C=C-H 
t I 1 
HHH 



H H 
H-C-C=C-H 
H H H» 



IV 



VI 



Hyperconjugation Structures 

Assignment No. 13 

Draw all the resonance structures for the tertiary butyl radical. Will 
it contain more or less Energy than the isopropyl free radical? 



EKLC 
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Assignment No. 14 

Identify (draw structures and name) compounds A through G in the reaction 
sequence below. 



H"^, Propane Br2,hv KOH 
Propene —> A B > ^ 



HBr, ROOR, hv 



CCI4, ROOR 



-> E 



CHBr3, ROOR 



Br2, NBS 



F 



G 



Assignment No. 15 

Identify all the steps in the laboratory synthesis of: 

a) 4-bromo-2-methyl-2-pentene from 2-methyl pentane and 

b) l,l,l-trichloro-3-methyl butane from 2-methyl propane. 
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ALKENES - REACTIONS 
Free Radical Addition and Substitution; Resonance; Hyperconj ugation 



Assignment No. 1 
Step 1 

hv 

RO.VOR >R0* or FR* 

Step 2 

FR** + H»NBr FRH + Br* 

r. , 

Step 3 



~C~C-CiS^C- + Br > -C-C-C-C:Br 

Step 4 , , ' , H 

-C~C~C-C~Br + H»:»Br > -C-C~C-C-Br + Br 



Overall Reaction: 



-9- 



-C-C-C=C- + HBr 
-C-' 

I 



Assignment No. 2 



-> -C-C-C-C-Br l-broino-3,3-diinethyl butane 



^9" 

-C-C-C=C- + HBr 



~C-C- 
I I I I 

-^-C-C-C-C- 
I I I T 

Br 



2-broino-2 ,3-dimethyl butane 



-c-c=c-c- 

I 



I 

-c-c=c-c- 

1 I 



+ HBr 



HBr 



I V"' ^ .i 
■-C-C-C-C- 



ROOR 



2-broino-2-inethyl butane 



-C-C-(j:-C- 2-bromo-3-inethyl butane 
' 'Br' 
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Assignment No. 2 (continued) 

I ,CC ROOR , , , 
-C=C-C-q"lJ- + HBr r -<j:-C-q-C-(J- l-bromo-3-methyl pentane 



Br 



-C=C"C^9-9- + HBr ->.C^(^-C-C-9- 3-bromo«3-methyl pentane 

Br * 

Assignment No, 3 

Steps 1, 2, and 3 are correct. 

Step 3A does not exist, there is NO rearrangement 
in free radical reactions. 

Step A 

-C-i-(|:-(!:-(J-Br -f H.VBr ^ -C-^-(^-(;-(J-Br + Br* 

• ? 

Overall Reaction: 



-C- Peroxide . -C" . 

-C=C-C-C-9- + HBr > -(J-C-q-q-q-Br 

Assignment No. 4 

Steps 1, and 2' are correct. 

Step 3 

Br 

There are NO IONS in a free radical mechanism. 
Step 4 



II Peroxide , , -C- 

-c-c = c-c-q- + HBr > -^-p-(|:-9-q- 



Br 
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Overall Reaction ; 
I 

-C-C = C-(j;-^- + HBr 



peroxide 



Br 



Assignment No. 5 
Step 1 is correct. 
Step 2 

FR* + H..-VBr 



-> FRH + Br* 



(Not H ) 



Step- 3 



\ r 



•c~c— c^c-c- 



+ Br* 



NOT 



Br 



-c-c-c-c-c- 



I 4 I 



Step A 



-(j;-c=c-^-9- + 

Assignment No, 6 
a) 



-C-CJ-C-g-tJ- + H,.i' Br 
^ Br 

Overall Reaction: 



HBr 



I 

I 1 I 



-C-CJ-g-i-cJ- + Br* 
Br 



peroxide 



I 



HX = HF 



--c-c-c-c-i- 

I » f • 1 

Br 



HX = HCl HX = HBr 



HX = HI 



Chain Propagating Step I 

« » L ill 

X +-C^C-C X:C-C~C- 

^ Bond 



AH=+68-82 



AH=+68-'69 



Cleaved 



C-X Bond 
Formed 



AH=+68-105 

AH=-37 ^"lfAH=-l4 ^^?^^H=-1^"1/ 

— ij mole 



mole 
(low E act I 



mole 



(low E actj)(low E act 



aH=+68-55 

AH=-rl3 ^^^1/ 
mole 

(high E act) 
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Assignment No. 6 (continued) 
a) (continued) 





HX = HF 


HX = HCl 


HX = HBr 


HX = HI 


Chain Propagating 

A '% 

\ 

« 

H-X Bond 
Cleaved 


Step II 

x-c-^-c;-+ X* 

i 
1 
1 

C-HBond 
Formed 


AH=+136-95 

AH=+41 ^'zfl^ 
mole 

(high E act) 


AH=+103-95 

^"-^ mole 
(high E ac 


A H=+88-95 

^»=-8mo?e^ 
t) (low E act] 


/iH=71-95 



b) Only In the free radical addition of HBr to an alkene both steps have low 
activation energy and the reaction Is energetically favored. HF, HCl, and 
HI will not add to an alkene via free radical mechanism. 



Assignment No. 7 
•i=^-^J- + CBrCl3 

Mechanism: 



ROOR, hv 



Cl Br 



Step 1 

ROOR 
Step 2 



hv 



RO 



or FR 



-CI 

FR + Br.,:-^C~C1 



I 

CI 



FRBr + 'cel. 



Step 3 - Formation of the alkyl Free Radical (Addition of 'CCI^ to the alkene) 

. 9 



-c-c-t^c, + /cci 



-> -C-C-C:CC1. 



Step 4 - Reaction of the alkyl Free Radical with the reactant (CBrCl^) 



-^-J-i-CCl + Br V t-Cl 

CI 



r9\ , 

-> -ch:-c~^-cc13 

Br 



Then Steps 3, 4, 3, A, 3, A,.... 
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Assignment No. 8 
Step 1 

hv 

ROOR ^ RO* or FR* 

Step 2 

^ Br 

FR* -f H,.J-'9-Br FRH + 'CBr^ 

Br 

Step 3 - Formation of the alkyl free radical (addition of the *CB^ to 
the alkene) 

•-C- C 

-C-C-CVC- -f CBr^ >-C-C-C-C : CBr^ 

Step A - Reaction of the alkyl*:free radical with the reactant (CHBr-^) 



"P"?"?"?""^ ^^3 + H^l'C-Br ► -C-(j:-9-9~CBr3 + •CBr3 

r..._ ..^ ' ^' Br 

Then Step 3, 4, 3, 4, ... 



Assignment No. 9 



(till 

-C-C=C-C-C- -f 

t s t 



CH CI, 



peroxide 



1 I i 

-9-(!:-c=c-(J;~c- + CBr 



peroxide 



CCl-:.-C-i-C-C- 
J I T I I 

I 

l,l,l-trlchloro-2,3-dlmethyl 

pentane 

-O -C" -c- 

» I i I I I 

•c-c-c-c-c-c- 

BrC Brg 

1 ,l,l,3~teCrabromo-3,4-dlmethyl- 
2-lsopropyl pentane 



I i 



-c-c-g-g-q-cj' + CH Br, 



peroxide 



-C- -C> 

CBro 



1,1, 1- tr Ibr omo-4-me thyl~2- 
Isopropyl pentane 
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Assignment No. 10 

CCl,, peroxide 

-c»c-g-c- ' > 



Mechanism: 
Step 1 



'9; 

cci^-c-c-9-9- + cci^-c--9-9-p-q-c- 

I (Major Product) II (By-product) 



ROOR 
Step 2 

FR* 

Step 3 



RO* or FR* 



CI 

+ C1»)-C-C1 >FRC1 + 

CI 



cel. 



'C-C-C = C- + CCl^ 
fill J 



-> -c-(j;-(;;-9-cci3 



Step 4 



•\ CI 

'C-9-C-C-CCI2 + C1»)»C-C1 

CI 



. . 91. 



-C-(;;-C-(;-CCl2 I (Major Product) 



Other Possibility 



y I 1 • I I 



(same) CCl^-C-C' + -C — C-C-C- > CC1^-C-C-C-C-C-C- 
J•^^ lilt ^ c 



-c- 



cci^-c-c-c-c-c-c- + ci«;*c-ci 

^ . -C- CI 



-C- 



->CCl3-C-C-C-C-C--C- 
I 

-c- 



Assignment No, 11 
Correct Answers: 



CH^ 



CH2-CH=CH-CH2-CH— CH^ 



Cl2,hv CH3 

^ CH3-CH=CH-CH-CH-CH3 (substitution) 

CI 



A-chloro-5-methyl-2-hexene 
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Assignment No, 11 (continued) 
Correct Answers: 



V"3 Br2,NBS 
CH^-CHj-CH^CH-CH-CH^ > CH^-CH^-CH^CH-C— CH^ (substitution) 

Br 

2-broino-2-inethyl-3-hexene 



Brj, CCl^ 

2,3-dibroino hexane 



CH^-CH=CH-CH2-CH2-CH^ ± 1-^ CH3-CHBr-CHBr-CH2-CH2-CH3 (addition) 



CH3 Br2,hv ^^3 
CH3-C = CH^ = > CH^Br-C « CH^ (substitution) 

3-bromo-2-inethyl propene 



Assignment No, 12 

0 

a) ^^0 yO" Na+ ' ^ '/ . 
H-C < ? H-C equivalent to: H-C\ >- Na 

"0- Na-^ \\\ 

6 

I II . Ill 

b) Carbon-oxygen bond in III is a resonance hybrid of the carbon-oxygen 
single bond and the carbon-oxygen double bond. 



c) 




Hybridization on C - Flat Structure 
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Assignment No. 13 



H 
I 

H-C-HH 
H . I 
H— C— C— C— H 
I • I 

H H 



H CH^ 



1 H3C- 



I 3 
-C = 



IV 



H 

I 

9 

H 



•h 

H-C 

t 

H 



< 3 

C— CH. 



II 



CH^ 



H3C-C = 



H* 

C-H 
I 

H 



H ?"3 
H-d; = C~CH^ 

•H 



III 



?"3 
H C— C = 
3 



VI 



H 

C-H 
•H 



H-C-H 
H^C-C-CH^ 



VII 



H 

H* C-H 
li 

H3C - C - 



VIII 



CH, 



H 



H 
H-C 
H^C - C-CH^ 



IX 
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AHsignment No. lA 



3 2 



, Propane 



i.,3 



> CH3-CH~CH2-CH2-CH3 



Br2,hv J 



CH-: 



CH^-C— CH2-CH2-CH3 
Br 



9H3 



CH^-CH— CH— CH -CH^ <~ 
3 i 2 3 

Br 

3-bromo-2-methyl pentane 

D 



2-inethyl pentane 
A 

HBr, ROOR, hv 



CH^ 



CH^-C~CH CHo-CHo 4 



CCl^, ROOR 



I I 

CI CCl 



1 , 1 , .1 , 3- 1 e tr achlo ro 

-3-methyl-2-ethyl 

butane 



2-broino-2~inethyl pentane 
B 



KOH 



CH Br^, ROOR 



CH^-CH-CH CH -CH, <r 

3 2 3 

CBr3 ... 



1,1 ,l-tribromo-3-inethyl- 
2-ethyl-bu tane F 



CH 

I 3 -? 
CH -C = CH-CH-CH <■ 
3 '3 
Br 



Br,, NBS 



P3 




CH,-C 
3 



CH-CH^-CH, 
2 3 



2-inethyl-2-pentene 
C 



4-bromo-2-ine thyl-2- 
pentene 



3'3 
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Assignment No. 15 



a) 



• 3 

CH2~CH"--"CH2*'CH2*'CH2 



Br„,hv CHo 
2 I ^ 
► CH3-C— CH2-CH2-CH3 

Br 



KOH CH, 



CHo-i = CH-CHo-CH 



2 ""3 



Br2»heat 



CH3 

CH^-C = CH-CH-CH, 
3 I 3 

Br 



CH 
I 3 
CH -CH— CH 
3 3 



Br^.hv CH, 
2' I 3 



KOH 



CHo-C— CH, 



3 , 
Br 



CH, 

»v CH -C = 
3 



CHCl3,R00R 



CH. 



CH3 

CH^-CH— CH2-CCI3 
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You have leaxmt oome thing. 
That always feela at first 
as if you had lost something. 
George Bernard Shaw (1905) 



ALKENKS - RliACTIONS II 



HYDROGENATION, POLYMERIZATION, OXIDATION 



Ni, Pt or Pd 



f I 

H H 



Alkene 



Ni, Pt, Pd 



Alkane 



-9-?- /iH=Heat of hydrogenation 
H H 



Example No. 2 - Chemisorption 

ChemiS'>rption is adsorption that involves a formation of chemical bonds. 



:CH. 



r 2 ;"2 
1 • 

) '1 

Ti . Ni 



Ni Ni 



I I 



Ni. 



I 

Ni 



Crystal Lattice of Nickel 
H CHo 



H .rf 



:CH^ 
. 2 ' 



Ni 
I 

Ni. 



Adsorption complex of 
ethylene with nickel 



^^^^ 



Nickel 

Crystal 

Lattice 



/ 



Multi-Center Transition State 



Reaction of the adsorbed hydrogen 
with the adsorbed ethylene 
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Exaih flj^SsJ^^-^ - l'"»t:s hyclrogenation and stability 



Pt, Pd or Ni 



-> Alkane + 30 kcal/mole 



g3 

U 

c 



u 
0 

u 
o 



pt, Pd or Ni 

^ ' B " ' ^ Alkane + 27 kcal/mole 



Alken^ 



30 kgal 
mole 



Alkene B 



Alkane y 



27 Kcal 
mole 



Ejcanjgl^^ji^'^ - Wydrog^^^tion of cis and trans 2-butene 



3 

I 

o 



.^Ig Z'buten^ 



28.6 mole 



v.. 



CH^ H 

\' / 

c = c. 



7 \ 



CH3 



""A' kcal 
1 mole 



trans 1 



r-butene 



kcal 
27.6 mole 



CH^-CH^-CH^-CH^ 
butane 
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Kx«.unp lu No> 5 - Stability o£ alkencs based on the heatvS of hytlrogonation 
values . 



K^OCR^ > R2^'''CHR > R2C=CH2 ,F<CH«CHR > RCH=CH2 > CH^'^CW^ 

(Stability is inversely proportional to the heat of hydrogenation) 
Assii^nmcnt No. 1 

The observed heat of hydrogenation of 2-methyl-l-butene is 28.5 kcal/mole and 
that of iron 2-pentene is 27.6 kcal/mole. Which of the two alkenes is more 
stable? 



Assignment No, 2 

Assign the following heats of hydrogenation to: 

3,3-dimethyl-l--butene, 2 , 3-dimethyl-2-butene and 2 ,3-dimethyl-l-butene : 26.6, 
K).3, 28 ical/mole. Identify the compound with maximum and minimum stability. 



As signment No. 3 

Assign the following heats of combustion to 1-pentene and cis and trans-2-pentene 
804,3, 806,9, 805,3 kcal/mole 
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Example No* 6 

O9, A I pressure 
a CH2 - Clio > -Cll2"CH2-CU2-CH2-Cll2-CH2 

or in the abbreviated form 

O2, I pressure 
n CH2 « CH2 > -(CH2-CH2>n 

Ethylene Polyethylene 



Example No, 7 - Free Radical Polymerization of Alkenes 
Chain initiation ; 

(Peroxide) R^OjoliR RtO; or FR* 



FR + -^C-C^ FR-i— C' 

U \ Aft 

4 

Chain Propagation ; 

FR CH2-CH''"+ "cH2— |h > -Cg -CHz-^H* 

FR CH2-|H-CH2-CH"'"' + i:H2— |h FR CH2-|H-CH2-fH-CH2-^H* 

etc. 

Chain Termination ; 

FR -(ChL-CH^ CH -Ch' + 'CH-CH -(CH-CH > FR-* FR-^CHj^-fH^ FR 
k R kk" R 

Assignment No. 4 

Write the step by step mechanism and the overall reaction for the 
polymerization of Styrene 

CH = CH„ 



^6»5 
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(:amph]iie tlui rt-i^ tluuH bt^low, and Hupply tht» nnmttfi of the polymer. 



p e r 0 X 1 ( 1 e I 1 1 u a 1 1 p r u « si u r e ^ 



vinyl cli lorltle 

peroxide, heat 
n L e t r a f luo r oe thy lene 



i^^nment No. 6 

rdentify the structure of the monomer from which each of the polymers 
below would most likely be made. 

) -CH2 CH (CN)CH2 CH (CN) CH2 CH(CN) 

orlon (fibers, fabrics) 

' : ^ -CIl^ CCl^ CH^ CCl^ CH^ CCl^ CH^ CCl^ 

saran (packaging film, seat covers) 

^ -CF2 CF2 CF2 CF2 CF2 CF2 CF2 CF2 

teflon (chemically resistant articles) 



EKLC 
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AmUjj^nnunU No. 7 



Itutrt Irma wati uHkcd to write the chain initiating 
nnd the chain propaBatlntj stepn for the free radi- 
cal polymerization of propylene. Her answer la 
given below. Examine It carefully and Identify 
iusr mltitakfB - if any. 




Chain Initiation; 



ROOR 



RO 



RO + CH3-CH - CH^ 



RO-CH2-CH-CH2 



Chain propagation: 



RO-CII2-CH-CII2 + Cll2-CH"CH2 — >RO-CH2-CU-CH2-CH2-CH-CH2 



RO CII CII2 CH2 CH CH2 + CH2-CH-CH2-+RO CH2 CH CH2 CH2 CH CH2 

• CH2 CH CH2 

Example No. 8 - Cat ionic Polymerization 



etc. 



Chain initiation: 



Acid (H„SO, or HF or BF^ or HCl etc) 
2 4 3 



Acid 



CH,- fH 
R 



-» CH3-pH''" 
R 



Catalysts used: HF, H2S0^, BF^, etc. 



Chain propagation: 
CH -CH+" + ^^H^— 



CH 
R 



->Cm-CH-CH„-CH+ 



JL-CH-Ca,- 
R R 



CH„-CH-CH„-Cfr''" + CH^liiCH > CH„-CH-CH„-CH-CH„-CH^ etc 



k 



1 ' 2*2 
R R R 



ERIC 
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Example No. 8 (continued) 



Chain termination: 



CH3-CH<CH2-CH^^ CH2-CH 



-> CH^-CH -(CH^-CH^. 



n 



R R R 



R R 



Assignment No. 8 



Confused Clyde was asked to write the 
chain initiating and the chain propa- 
gating steps for the cationic pol3nneri- 
zation of styrene. His answer is given 
below. Rectify his state of confusion. 



Chain initiation: 




CH 



= CH 



2 




CH^^ 





Chain 



propagation: 








CH2-CH2-CH-CH2*^ + 



CH = CH^ H:H^-CH^-CH-CH^-CH -CH"*" 
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Assignment No* 9 



Can you suggest a reason why polymerization of propylene and other alkenes 
should take place in a way "head to tail" that yields a polymer with regularly 
alternating group? 



Assignment No, 10 

Curious Chloe tried to decide which of the 
two mechanisms presented below are correct. 
Can you help her? Explain your reasoning. 



I. 



H C = CHCl 
2 



> H3acSci 



HoC~CH 



+ H^C = CH 
CI 




3" T 
CI 





CI CI 



etc. 
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Assignment No, 10 (continued) 



II, HoC=CH + 

CI 



CH2""CH2*^ 



I 

CI 



CH^-CH,,'^ + HC=CH^ 
CI CI 



> CHr)~CHr)'~CH*^CHr)*^ 

I Z Z I z 
CI CI 



CH2~Cil2-CH-CH2*^ + 
CI CI 



HC=CH9 
CI 



.CH2"CH2-CH~CH2-CH-CH2"*" 
CI CI Cl 



etc. 



Example No> 9 - Mild oxidation 



> ■ < 



KM 



(potassium permaoganate) 
OgO^, Na2S03 



(osmium tetroxide) 



I f 

OH OH 



cis Diol or 



cis Glycol 



H-C 



""O-OH, H^O 



(peroxyf ormic acid) 



OH 



-C-C- 

6h' 



Trans Diol or 
Trans Glycol 



Ex^^nple No, 10 

Hydroxylation with KM^O^ (cis- cycloaddition Mechanism) 



'c=C^ + K"*" M or 
✓ N n 4 



s / 
• • 

y 

0 0 



► -c-c- - 

/ \ 

0 0 
(unstable) 



H2O 



I I 

^ -p-c- 

OH OH 



Mn02 
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Example No, 10 (continued) 



Hydroxy lation with 0^0^ (cycloaddition Mechanism) 

Na2S03 



0 0 

\ / 

0 0 



\ I 

I I 

. OH OH 



Hydroxylation with HCOOOH 



HCOOOH 



H2O 



. 9« 
^ -c — c- 

OH ' 



trans diol 



Example No> 11 



CH2 ~ CH~CH^ 



KM^O^, 



■> CH„-CH-CH. 
I 2 , J 

OH OH 



1,2-propane diol 
(Propylene Glycol 



OgO/^, Na2S03 



CH^~CH= CH-CH^ ^ CH«-CH-CH-CHt 2,3-Butane Diol 

OH OH 



HCOOOH, H^O CH^ 
CH3~C-«CH~CH3 > CH3~C-C-CH3 2-methyl-2,3-butane diol 

OH OH 

Example No. 12 - Ozo no lysis or Ozonization 

c = c ✓c--c\ -c c- 1 iL> c=o + o=c^ 

0 0 0 — 0 

\ / 

0 

I II III IV 

Molozonide (unstable) Ozonide 

or 1, 2,3-Trioxolane 
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Example No, 12 (continued) 



R ^ Ri (Functional group of the ketones i 

\ \ 

^ ^ c = o -carbonyl group) 

C = Oor C = 0 J^ap/ 



Ketones 



C = 0 Aldehydes (Functional group of the aldehydes 

or CHO) 

Example No. 13 - Ozonolysis reactions of .different alkenes. 

^"3; 0 HO CH H 

CH3-CH2"C =i=: CH~CH2-CH3 ^ > CH3-CH2-C = 0 + 0 = C-CH2-CH3 

i 

Ketone Aldehyde 



0 H.0 

CH3-CH = CH-CH^-CH-CH ^ ^^CH3-C + ^ C-CH,-CH-CH, 

L 0 0 ^ ^ « ^ 

CH3 CH3 

Aldehyde Aldehyde 

f^3 ^^3 0^ H2O 

CH~CH = CH-CH-CH^ ^ — — 



r-3 r3 03 H20 CH3 0 

CH3-CH~CH - CH-CH-CH3 ±^ > 2 CHg-C-C^ 

^ H 

Symmetrical Aldehyde 
Alkenes 

\ CHo 0 H O, Zn 

CH^-C ^ C-CH. ±^ ^ > 2 CH ~C = 0 

^ / 

CH3 Ketone (Acetone) 
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Example No. lA 



^^"3 H H20,Zn O3 CH3 ^ 

CH3-C^= 0 + 0 =^-CH2-CH346 f . (CH3-C = C-CH2-CH3) 



^0 H O, Zn 0„ 
CH -CH-C ^ < / 

^0 0 H O 0 

CH3-CH2-C^^ + ^ - -CH3 > — ^ CH3-CH2-CH = CH-CH2- 



Assignment No, 11 

Complete the following reactions. Draw the structures of the products 

KM 0 ,aq 

a) 2-methyl-2-butene ^L_Z ^ 

0^ H^O, Zn 

b) 2-methyl-2-butene > 



c) 2-methyl-2-butene HCOOOH, H9O 

,v o Oo H9O, Zn 

d) 2-pentene > — ^ ^ 

O3 HO, Zn 

e) 2,3-dimethyl-2-butene — = > 



OgO^ Na^SO^ 



f ) 2, 3-dimethyl-2-butene 

KM^O^,aq 

g) 4-octene • y 

O3 H^O, Zn 

h) 4-octene > ^ 

Assignment No. 12 

Identify (draw the structure and name) the reactant in the following 
reactions. 

a) KM^04,aq 

> 2,3-dimethyl-2,3-pentane diol 
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Assignment No* 12 (continued) 

b) > > CH3'-CH2'-C = 0 



c) O3 ^v"3 

> > CH -C = 0 



Peroxyformic Acid, H^O 

d) ^ 
> 2,3-butane diol 

O3 HjO CH3 CH3 

e) ^ 5^ CH3-C-CH = 0 + CH3-CH2-C = 0 

f) ■ ""^O 'f3CH3 0 
^ ^ >CK3-CH2-C^ + CH3-C C~CH2~C^ 



Example No. 15 - Vigorous oxidation with hot KM^O^ 



~C Carboxylic Acid Functioning Group 

^OH 



V ^ KM 0, , A ^0 O^v 

C=?:rcC ~ > -C + C- 

: OH HO^ 



= T./"^ ^^2 



Acids 



OH R' 

Ketones 



Example No, 16 



CH3 Hot KM^O^ 

CH3-CH2-C =rCH-CH2-CH3 ^ CH3-CH2-C = 0 + C -CH2-CH3 

HO ^ 

Ketone Carboxylic Acid 

(Propanoic Acid) 



ERIC 



46 

47 



SIP No. 10 

Tape 2 - Work Sheet 



Example No. 16 (continued) 



Hot KM 0, 0 0. 

CH3-CH = CH--CH2-CH-CH3 1_> CH3-C^ + ^ C-CH2-qH-CH3 

I OH HO^ X 

CH3 ^"3 



(acetic acid) 



carboxylic acids 



f2 f3 HotKM^O^ CH3 
CH3-CH-CH = CH-CH-CH3 CH3-CH-C'^ 

carboxylic acid 

"^^^3 KM 0,, heat CH3 
CH3-C = C-CH3 — > CH3— C = 0 

^^3 ketone 

(jH.3 ■ KM 0 , ,^ qH3 
CH2 = CK-dn-CR^ + HOOC - CH - CH3 

carboxylic acid (2-methyl propanoic acid) 

CH2 = CII-CH3 > + HOOC - CH3 

carboxylic acid (acetic acid) 

Assignment No. 13 

Draw the structure of the products obtained in the following reactions; 



peroxyfonnic acid, H^O 
^ > 

, , , ' Hot KM^O^ 

2-butene -— ■ ^ ^ y 



O3, H2O, Zn ^ 
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Assignment No. 13 (continued) 



2-methyl-2-pentene 



KM 0/ , aq 

KM 0, , hot 
n 4' 



0^, n^O.Zn 



hot KM 0, 
n 4 



1-butene 



0^, H^O, Zn 



2-me thyl-l~pentene 



Oy H^O, Zn . 

^ > 

Assignment No. 14 

Draw the structures and name the reactants and the reagents necessary to 
produce the following compounds: 



a) 



b) 



CO^ + CH^ CH^ CH^ COOH 
butanoic acid 

->.CH^-C = 0 + CH. CH^ C 

3 3 2 Ns, , 
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CHo 



►CH3-CH2-COOH + CH3-CH2-C = 0 



6) 



2-methyl-3,4-hexane diol 



CH3 



el 



CH3-C = 0 



0'*^"'"^ata^l-J ^^^^^ a Possible laboratory synthesis of 2,3-dimethyl- 
2,^"^ ^fe diol from propane. 
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ALKENES - REACTIONS II 
HYDROGENATION, POLYMERIZATION, OXIDATION 



Assignment No. 1 



2-Pentene has lower heat of hydrogenation. It possesses less energy and 
is therefore MORE stable. 

Assignment No. 2 



CH. 
I ^ 

CtL=CH— C— CH. 
^ I ^ 

CH^ 



(CH2=CHR) 



30.3 kcal/mole min. stability 



CH CH 
13/3 
CH2=C— CH— CH3 

CH3 CH^ 
CH^~^=J— CH^ 



(CH2=CR2) 
(R2C=CR2) 



28 kcal/mole 



26.6 kcal/mole max. stability 



Assignment No. 3 



CH^=CH— CH2— CH^— CH^ 



.806.9 kcal/mole 



CH3 ^H2— CH3 
^C=C 



805.3 kcal/mole 



CHn ^iJ 

/ 

C=C 

/ \ 

H CH — CH^ 

2 3 



804. 3 kcal/mole 
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Assignment No, 4 - Free Radical Polymerization of styrene. 



Chain initiation 

ROOR > RO' or FR* 

'j^'"; . V ^^6^5 ^ stabilizing 

FR* + CH2— CH > FR— CH2— CH* effect on the unpaired 

I j electron) 



Chain propagation 



FR— CHo— CH + CHo~ CH > FR— CHo— CH— CHo— CH 

I I I 

CgH3 CgH^ ,CgH3 CgH^ 

• * * « • . ■ 

FR— CHo— CH— CHo— CH* + CH^— CH ► FR— -CHo— CH— CH^— CH — CH^— CH etc, 

I I I / I 

-^"'5 <:6"5 C6H5 '^ei's =6"5 ^"5 



Overall reaction 



Peroxide 



n CH2= CH > -f CH2~pH 



Assignment No. 5 

Peroxide 

n CH2=(j:H > -^H2— CH>-^ polyvinyl chloride 

CI il 

Peroxide 

n CF2=CF2 ^ -(CF2 — CF2^ teflon 
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Assignment No, 6 



n CHo=CH 
I 

CN 



peroxide 



CN 



orlon 



peroxide 

n CH2=CCl2 > •<CH2-CCl2>^ 



saran 



n CF2=CF2 



peroxide 



^CF2-CF2> 



teflon 



Assignment No. 7 



ROOR 



RO correct 



(RO* + CH3-CH=CH2 — ► RO-CH2-CH-CH2) incorrect 



RO* + 



^2 



CH. 



-^R0-CH2-CH correct 



(only doubly bonded 
carbon are involved 
in the reaction. 
All alkyl groups 
become branches) 



RO-CHo-CH 
^ I 

CHi 



CHo=CH 



RO-CHo-CH-CHo-CH 
CH3 CH3 



RO-CH2-CH-CH2-CH 



I 



I 

CH. 



CH2=CH 



CH. 



RO-CH2-CH-CH2-CH-CH2-CH 



CH. 



CH. 



I 

CH. 
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Assignment No, 8 (continued) 
CH"^-tH 



I 



> CH CH, 



^6»5 



correct 



(CgH^ has a stabilizing effect on the 
carbonlum Ion. The positive charge 
Is delocallzed over CgH5 group.) 



CH, 



"CH 



CH^ — CH 

c'„ 



CH. 



-CH CH. 



•CH 



CH3 CH 



/ 

C6H5 



-CH, CH+' 

' I 

C6H5 



4- ■•^'gH, 



CH 



C6H5 



CH- CH CHo CH CHo CH+ 

I I I etc 

C6H5 C6H5 C6H5 



Assignment No. 9 

Alkyl groups have a stabilizing effect on the Intermediate carbonlum Ion or 
the retermedlate free radical. More stable Intermediate Is formed faster, 
therefore, the orientation will always be the same. 



Assignment No. 10 

Cl Is an electron withdrawing group. It has considerably higher electro- 
negativity than thecarbon atom It Is attached to. Consequently, chlorine 
bonded to the carbon atom bearing a positive charge destabilizes the 
carbonlum Ion. The correct mechanism therefore Is II. 



Assignment No. 11 



a.) 



CH 



. — ■\:=cH — 



CH 



KMnO 



4' 



> CH, 



CH- 
\ 3 

— C— 

/ 

OH 



-CH- 



-CH. 



b.) 



c.) 



CH3 

CH3 C=CH- 



CH3 



-CH- 



CH3 C""CH 



-CH, 



O3, H2O CH^ 
> CH3 ■C=0 

ketone 
Peroxyformic acid, H2O 



H 

0=(i- 



-CH, 



aldehyde 
CH3 

CH- C CH 

^ 3 / • 



OH 



I 

OH 



-CH, 
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Assignment No. 11 (continued) 

d. ) 03 H20 0 0 

CH,— CH=CH— CH„— CH- > CH-— + C— CH,— CH„ 

e. ) CH3 CH„ O3 CH3 

CHj— "b— C—CHj ► ^ CH2~C= 0 

f. ) % ^"3 0 0 Na SO CH3 

CH2T-C=C— CH^ ^— 1-> — ± — ^ CH — C= 0 



CH3-CH2-CH2-CH=CH-CH2-CH2-CH2 > CH2-CH2-CH2-CH-CH-CH2-CH2-CH2 

OH OH 

h.) O3, H2O ^0 

CH^-CH2-CH2-CH=CH-CH2-CH2-CH2 >-CH2-CH2-CH2-C^ 

H 

Assignment No. 12 



a.) ?H3 

I 

CH 



2 , 3-dimethyl-2-pentene CH3-C=C-CH2-CH3 



3 

b.) 3-hexene CH3-CH2-CH=CH-CH2-CH3 



c. ) f"3 

2.3- dimethyl-2-butene CH2-C=C— CH^ 

CH3 

d. ) 

2-butene CH2-CH=CH-CH2 

e. ) C»3 C»3 

2.4- dimethyl-3-hexene CH3-C-CH=C-CH2-CH3 

f. ) CH3P 

6 , 7-dimethyl-3-octene CH3-CH2-CH=CH-CH2-C-C-Cfi2 
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Aaaignment No. 13 

HCOOOH, 



-> CH,-CH-CH-CH„ 
3 I I 3 

OH OH 



CH.-CH=CH-CH„ , CH_COOH 

^OH 3 



O3, H2O, Q 

> CU^-C""^ 



KW^O^, aq CH3 
J ► CHo-C-CH-CHo-CH-, 

?h I 1^04,^ CH3 // 

CH3-C=CH-CH2-CH3 ^ CH3-C=0 + CH3-CH2- C 

°3' »2°' \ CH3 0 
CH3-C=0 4- CH3-CH2'-C ^ 



= CH-CH2~CH3 



CO^ + CH^— CH— COOH 



0«, H«0, Z 
3' 2 ' n 

5^ H2C=0 + CH3-CH2-CHO 



Assignment No> 14 

a.) CH2= CH~CH2-CH2-CH3 > CO2 + HOOC ~CH2~CH2- 

2-pentene 



b.) O3, H2O, CH3 

CH3~C=CH-CH2-CH3 >^ CH3~C=0 + CH3 CH2 

2-niethyl-2-pentene * 



56 



55 



SIP no 

Tape 2 - Answgr Sheet 



Assignment No> 14 (continued) 



c.) CH3 

CH3 CH2-C=CH-CH2-CH3 

3-methyl-3-hexene 



> CH3-CH2'-COOH + CH3 CH2'-C=0 



d.) 



-CH3 

CH2-CH-CH=CH-CH2-CH2 



> 2-methyl-3,4-hexane dlol 

or .r 



2-inethyl-3-hexene HCOOOH, 



V ^ 

CH^ = 

2-me thyl~l~propene 



KM 0, , heat CH« 
»^ CO^ + CH2-C=0 



Assignment No> 15 



Br2 ,hv 



CH«-CH-CHo 
Br 



Na ^^3 f^3 
> CHg-CH-CH-CHg 



Br2,hv 



CH.CH. 
\ 3| 3 

^ CH^-C-C~CH. 
3 , , J 

BrH 



KOH 



-> CH3-C=C-CH3 



OH OH 
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ALKENES - REACTIONS II 



Identify the statements below as true or false by placing a capital T or F 
in the space provided. 



1. Resonance effect is the reason for the great stability of the 

allylic free radical. 

2. High heat of hydrogenation means low stability of the alkene. 

3. Platinum decreases the energy of activation in the hydrogenation 

reaction. 

4. Surface catalysis takes place in a liquid phase. 

5. Hyper conjugation is the delocalization of electrons involving 

the ^ orbitals. 

6. 2-methyl~2-butene is more stable than the 2~me thyl~l~butene . 

7. 3~methyl-l~pentene has lower heat of hydrogenation than 2--methyl 

l~pentene. 

r 

8. Peroxide can be used to initiate a polymerization reaction. 

9. NBS is used to catalyze the addition of halogens to alkenes. 

10. Bayer test is the reaction of alkenes with aqueous KM^O^. 



Blacken out the correct answer or answers in each question. 

11. The initiators usually used in the cationic polymerization reaction are 

a) sulfuric acid H2S0^ 

b) buron trifluoride BF3 

c) hydrogen fluoride HF 

d) peroxide, light 

■08 
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12. The correct statements about the allylic free radical are: 

a) it is more stable than the vinyl free radical 

b) it has lower energy than the vinyl free radical 

c) it is stabilized by the delocalization of electrons involving 



d) is stabilized by the hyperconjugation effect 

13. The product of the peroxide catalyzed reaction of chloroform with 
3-methyl-2-pentene is: 

a) 1,1, l-trichloro-3~methyl-hexane 

b) 1, 1, l-trichloro-2-methyl-2-ethyl butane 

c) 1, 1, l-trichloro-3-methyl pentane 

d) 1,1, 1- trichloro-2, 3-dime thyl pentane 

14. The product of the peroxide catalyzed reaction of 2-methyl-2-butene 
with carbontetrabromide is: 

a) 1,1,1, 3-tetrachloro-2,3-dimethyl butane 

b) l,l,l,2-tetrachloro-2-methyl pentane 

c) 1,1,1, 3-tetrachloro-2,2-dimethyl butane 

d) l,l,l,4-tetrachlor6-4-methyl pentane 

15. The reaction of 2-methyl-2-pentene with peroxyformic acid, followed 
by hydrolysis will yield: 

a) 2-methyl-2,3-pentane diol 



the 



bond 



b) 



CH 



c=o 




CH 



3 



c) 



CH 




C 



= 0 



+ CH2-CH2-COOH 



CH 



d) 



CH3COOH + CH3-CH2-COOH 
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16. Identify the reagents that will convert propene into 1,2-propane diol. 

a) KM^O^, 

b) O3, 

c) peroxyf ormic acid, 

d) OjO^, NHjSO^ 

17. Identify the alkene which will yield compounds I and II when treated 

with hot KM 0 , . 

n 4 

CHo CHo 

/ ^ I ^ 

CH2~CH2-CH~COOH CH^-C=0 

I II 

a) 3~ine thy l~4~hep teiie 

b) 2,4~diinethyl-2-hexeae 

c) 2 , 5-dimethyl~2~hexene 

d) 2 , 3~diinethyl~2^pGntene 

18. The alkene that will yield compounds I and II upon ozonolysis 
followed by hydrolysis is: 

HC CHo CHo C~C 

I II 

a) 4-methyl-l~pentene 

b) 3~methyl~l~pentena 

c ) 3~me thy 1- 3'-pen tene 

d) 2~methyl-l--pentene 
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19. Identify the reagents that can be used in a multi-step laboratory 
synthesis to convert butane to 3-methyl-2 , 3-pentane diol, 

a) Br2,hv; Na; Br2,hv; KOH; KM^O^ , 

b) Br2,hv; Li; CuBr; ethylbromide ; Br2,hv; KOH; peroxyformic acid, H2O 

c) Br2,hv; Na; KOH; peroxyformic acid, H2O 

d) Br2,hv; Li; CuBr; propylbromide ; Br2,hv; KOH; KM^O/^ , H2O 

20. Identify product A obtained in a multi-step synthetic sequence below, 

Br2,hv Li CuBr n-butylbromide Br2,hv KOH CBr^ , POOR 
butane > > > > > ^ ^ a 

a) 1,1,1, 3-tetrabromo-3-methyl-2-propyl pentane 

b) 1,1,1, 3-tetrabromo-2 , 3-dime thyl-heptane 

c) 1,1,1, 4- te trabromo-4-me thy l-o c tane 

d) 1 , 1 ,1, 3-tetrabromo-2-methyl-2-ethyl hexane 
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1. 


T 


2. 


F 


3. 


T 


4. 


T 


5. 


T 


6. 


F 


7. 


F 


8. 


F 


9. 


T 


10. 


T 


11. 


a, d 


12. 


d 


13. 


a,b,c 


14. 


b 


15. 


a 


16. 


c 


17. 


b 


18. 


d 


19. 


b 


20. 


b 


21. 


d 


22. 


b, c 


23. 


c 
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1. T 

2. T 

3. T 

4. F 

5. F 

6. T 

7. F 

8. T 

9. F 
10. T 



ALKENES - REACTIONS II 

11. a, b, c 

12. a, b, c 

13. d 

14. a 

15. a 

16. a, c, d 

17. b 

18. b 

19. b 

20. a, b 
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